INTRODUCTION
============

Residual necrotic tissue or bacteria beneath either gutta-percha or sealer can be responsible for periapical inflammation or pain.[@b1-dent05_p0387] Thus, the main objective of nonsurgical retreatment is to remove all material filling from the root canal and to regain access to the apical foramen.[@b2-dent05_p0387] The techniques used to remove gutta-percha are varied and included the use of hand or rotary instruments, with or without heat, and solvents and/or ultrasound.[@b3-dent05_p0387],[@b4-dent05_p0387]

Various nickel--titanium (NiTi) rotary endodontic instruments have been developed to facilitate cleaning and shaping of root canals. To improve safety preparation and to prepare more appropriate shapes, new instrument designs with non-cutting tips, radial lands, varying tapers and rake angles, and changing pitch lengths have been developed.[@b5-dent05_p0387] Rotary NiTi instruments have also been proposed to remove filling materials from root canal walls, and various studies reported their efficacy, cleaning ability, and safety.[@b4-dent05_p0387],[@b6-dent05_p0387],[@b7-dent05_p0387] Recently, three new NiTi retreatment instruments have been introduced commercially: the ProTaper Universal (Dentsply Maillefer, Ballaigues, Switzerland), Mtwo (Sweden & Martina, Padova, Italy) and the R-Endo (Micro-Mega, Besançon, France) systems.

Endodontic and restorative procedures have been suggested to be precipitating factors for tooth fractures.[@b8-dent05_p0387],[@b9-dent05_p0387] Minimal tooth cutting in such procedures is the most effective measure for preventing root fractures in root-filled teeth.[@b10-dent05_p0387] Cavity preparation,[@b11-dent05_p0387] root canal instrumentation,[@b8-dent05_p0387],[@b12-dent05_p0387] filling strains[@b13-dent05_p0387]--[@b15-dent05_p0387] and post placement[@b16-dent05_p0387],[@b17-dent05_p0387] have been investigated as major causes of fracture. To date, the re-instrumentation efficacy on the fracture resistance of roots after retreatment has not been investigated in the literature. For this reason, the aim of the present study was to investigate the fracture resistance of retreated roots with three rotary NiTi systems (ProTaper Universal, R-Endo, and Mtwo), in the retreatment of gutta-percha root fillings.

MATERIALS AND METHODS
=====================

Forty-eight human mature canines, extracted for periodontal reasons, were used in this in vitro study. Human teeth were consisted of teeth from patients 18 to 35 years of age. The teeth were free of caries, any previous restorations, and preexisting fractures or cracks when surveyed under transillumination. Preoperative mesio-distal and bucco-lingual radiographs were taken for determining root canal morphology and the teeth were evenly distributed in terms of both round and oval shaped canals into the test groups. The teeth had determined radiogarphically as having calcified canals and canals with large apical foramina were excluded. Selected teeth with similar dimensions were cleaned of debris and soft tissue remnants and were stored in physiological saline solution at 4°C until required. The teeth were sectioned at the cemento-enamel junction using high-speed diamonds (Dentsply Maillefer) and water spray. To standardize the root canal lengths, the roots were shortened to a uniform length of 16 mm. A size 10 K-file (Dentsply Maillefer) was placed into the canal until being visible at the apical foramen. The working length was determined by subtracting 1 mm from this measurement. Root canal preparation was performed with K-files using a stepback technique. Instrumentation was standardized with a size 30 K-file reaching full working length, a size 55 file 5 mm coronally and a final coronal flaring with Gates Glidden drills (size: 2 and 3; Dentsply Maillefer). A size 10 K-file was used during the root canal preparation to maintain patency of the canal. At each change of instrument, 2 mL of 2.5% NaOCl was used. When the instrumentation of root canals was completed, 17% EDTA was applied for 1 min for smear layer removal and the canals flushed again with 10 mL 2.5% NaOCl. The root canals were then dried with paper points. Thirty-six teeth were filled with laterally compacted gutta-percha (Diadent, Seoul, Korea) and AH Plus (Dentsply Detrey, Konstanz, Germany) sealer that was mixed according to the manufacturer's instruction. Teeth were radiographed in buccolingual and mesiodistal directions to confirm the adequacy of the root canal obturation. The remaining twelve teeth were not filled and served as control. The access openings were sealed with a temporary filling material (Cavit G, 3M Espe, Seefeld, Germany) and the teeth were stored at 37°C in 100% humidity for 2 weeks.

All samples were randomly divided into three experimental and one control groups with 12 specimens each. Temporary filling materials were removed from access openings. Before starting the experimental phase, a drop of 0.5 mL chloroform solvent was introduced in each canal to soften the gutta-percha. Two or three additional drops of solvent were applied as required to reach the working length. During the retreatment, root canals were constantly irrigated with 2.5% NaOCl.

Group 1 (ProTaper Universal Group)
----------------------------------

ProTaper Universal instruments were used in a handpiece with adjustable torque (NiTi Anthogyr Control, Dentsply Maillefer) according to the manufacturer's instructions. In brief, D1 (9% taper, size 30), D2 (8% taper, size 25) and D3 (7% taper, size 20) were sequentially used in a crown-down manner to reach the preestablished working length; they were manipulated in a brushing action. The rotational speed was set at 500 rpm as recommended. Root canal refinement was accomplished with ProTaper Universal rotary shaping \[S1 (shaping file no.1; taper 2--11%; size 17) and S2 (shaping file no.2; taper 4--11.5%; size 20)\] and finishing \[F1 (finishing file no.1; taper 5.5--7%; size 20), F2 (finishing file no.2; taper 5.5--8%; size 25) and F3 (finishing file no.3; taper 5--9%; size 30)\] instruments, which were used in a gentle brushing action at a speed of 300 rpm according to the manufacturers' instruction.

Group 2 (R-Endo Group)
----------------------

R-Endo retreatment files were used with a rotary electric motor and handpiece (Inget® 06 Contra-Angle, Micro-Mega) at 300 rpm. A K-file (2% taper, size 25) was used with 1/4 turn pressure directed towards the apex to create a pathway thus allowing the centering and the alignment of the next instrument. Re instrument (12% taper, size 25) was used 1 to 3 mm beyond the pulp chamber floor with circumferential filing. R1 rotary instrument (8% taper, size 25) was used to penetrate from the coronal third to the beginning of the middle third through repeated apically directed pushing actions. R2 rotary instrument (6% taper, size 25) was used from the middle third to the beginning of the apical third. R3 rotary instrument (4% taper, size 25) was used at the working length with circumferential filing action. Finally, the retreatment procedure was concluded with the use of RS rotary instrument (4% taper, size 30) at the working length.

Group 3 (Mtwo Group)
--------------------

Mtwo instruments were used with the air-driven torque-limited rotation handpiece (Mtwo Direct VDW, Munchen, Germany) at 300 rpm. Torque settings were selected with a turning ring chosen for each file according to the manufacturer's instructions. The root canal filling material gradually was removed by Mtwo R2 (5% taper, size 25) and Mtwo R1 (5% taper, size 15) instruments, respectively, until slight resistance was encountered. These two instruments were used with circumferential filing movements and without downward pressure. A C-pilot file (VDW) size 10 was used to negotiate the root canal to full working length. After the working length was reached, conventional Mtwo rotary instruments were used to remove the filling material in a circumferential filing motion while pressing against the root canal walls: Mtwo 4% taper, size 10; Mtwo 5% taper, size 15; Mtwo 6% taper, size 20; Mtwo 6% taper, size 25 and Mtwo 5% taper, size 30.

Group 4 (Control Group)
-----------------------

Roots were only instrumented, not filled or retreated.

All instruments were used in two root canals and were then discarded. Also deformed instruments were discarded. Gutta-percha removal was judged to have been completed when the working length was reached and no more gutta-percha could be removed with the instruments used. Radiographs were taken to confirm complete removal of gutta-percha.

The roots were coated with an air thinned 0.3 mm layer of polyvinylsiloxane (President light body, Coltene-Whaledent AG, Altstatten, Switzerland) to simulate a periodontal ligament. Copper rings 10 mm diameter and 25 mm in height were obtained using cylindrical moulds. A selfcuring polymethylmethacrylate resin (Vertex; Dentimex Dental, Zeist, The Netherlands) was used in the preparation of the cylinders. Five millimeters of the roots were embedded in the acrylic cylinders exposing 11 mm. The copper rings with the teeth were then placed into a Universal Testing Machine (Instron, Canton, MA, USA) and a compressive loading was applied vertically to the coronal surfaces of roots with loading rate of 1 mm min^−1^ until fracture occurred. The load at which failure occurred was recorded and expressed in Newtons.

The data were analysed statistically using one-way analysis of variance (ANOVA) and Tukey *post hoc* tests with a 5% significance level (P≤.05). The statistical tests were performed using the SPSS (Version 10.0; SPSS Inc., Chicago, IL, USA).

RESULTS
=======

The minimum, maximum and mean fracture resistance (N) and standard deviation for each of the groups are presented in [Table 1](#t1-dent05_p0387){ref-type="table"}. The mean force of fracture values was 111.7 N, 133.25 N, 164.45 N, and 334.18 N for groups 1--3 and the control group, respectively. There was a significant difference between the experimental groups and the control group (P\<.05). However, no significant differences were found among the three experimental groups (P\>.05).

DISCUSSION
==========

The success of endodontics is related to the appropriate execution of the different treatment phases. During root canal instrumentation, the removal of dentine is necessary to promote cleaning and disinfection, as well as to prepare the root canal system to receive the filling material.[@b12-dent05_p0387] It is generally accepted that this unavoidable loss of dentine may weaken the root and create an increased risk of fracture.[@b9-dent05_p0387] For this reason, there is a general trend to restore the roots with a reinforcing material.[@b9-dent05_p0387]--[@b11-dent05_p0387],[@b13-dent05_p0387],[@b15-dent05_p0387]

Current endodontic rotary instruments have increasing and variable tapers. Thus, the tapers of root canals are increased. This increase by removing more dentine from the canal wall diminishes the structural integrity of the root.[@b18-dent05_p0387] Using finite-element analysis, Ricks-Williamson et al[@b19-dent05_p0387] found the magnitude of generated radicular stresses to be directly correlated with the simulated canal diameters. Wilcox et al[@b20-dent05_p0387] found that root surface craze lines formed on roots where greater percentages of the canal wall were removed. Zandbiglari et al[@b12-dent05_p0387] demonstrated that fracture resistance of instrumented roots is significantly lower when canals are prepared with instruments with an increasing taper. As a consequence, the authors recommended that excessive coronal enlargement of the root canal must be avoided to prevent unnecessary weakening of the root. Sathorn et al[@b21-dent05_p0387] showed that the dentine thickness was not the only determining factor. Curvature of the external proximal root surface, canal size, and shape all interact to influence susceptibility and the pattern of fracture as well. Conversely, it has been reported[@b22-dent05_p0387] that no significant correlation exists between fracture load and size of the root, size of the prepared canal, width of the canal walls after instrumentation, and taper of the root or of the canal.

The major factors associated with endodontic failure are the persistence of microbial infection in the root canal system and/or the periradicular area.[@b1-dent05_p0387] Thus, root canal retreatment has largely replaced periradicular surgery for the management of persisting or emerging disease. Therefore, it is important to remove as much sealer and gutta-percha as possible during retreatment, to uncover remnants of necrotic tissue or bacteria that might set as the antigenic source.[@b7-dent05_p0387]

Conventionally, the removal of gutta-percha using hand files with or without solvent can be a tedious, time-consuming process, especially when the root filling material is well condensed.[@b23-dent05_p0387] Thus, the use of rotary NiTi instruments in root canal retreatment may decrease patient and operator fatigue. Various rotary systems have been used to remove the filling material during endodontic retreatment. Recently, new instruments produced for retreatment purposes were added to conventional rotary instruments for canal preparation (ProTaper Universal, R-Endo, and Mtwo retreatment instruments). These instruments each have a cutting tip to allow the instrument to progress easily in the filling material, and they might lead the way to other instruments that will be used in the future.[@b24-dent05_p0387]

To date, the re-instrumentation efficacy on the fracture resistance of roots after retreatment has not been investigated in the literature. For this reason, the aim of the present study was to investigate the fracture resistance of retreated roots with three rotary NiTi systems (ProTaper Universal, R-Endo, and Mtwo), in the retreatment of gutta-percha root fillings. According to the present study, there was no statistically significant difference among the retreated groups. The fracture resistances in each of the experimental groups were significantly decreased compared to the instrumented, but not filled or retreated, group (control group). Root canal filling material is removed during re-instrumentation. But, at the same time, an amount of extra dentine is removed from the root structure. This may explain the difference between the experimental and control groups in this study. Additionally, during re-instrumentation, the coronal taper increases and the coronal third of root stresses tend to increase for masticatory loading.

Previous studies have reported that the filling residue traced in the canal would be minimized when the enlargement in the retreatment was bigger than the enlargement performed before the canal filling.[@b25-dent05_p0387],[@b26-dent05_p0387] Therefore, authors have recommended that the retreatment procedure would be completed with the instrument used in enlargement, increased by only one size, before the filling.[@b4-dent05_p0387],[@b24-dent05_p0387] However, in this study, the final instrument used in retreated groups were the same size as those in the control group for similar canal dimensions.

Root canal instrumentation techniques can be weakening the tooth structures. This weakening may be tolerated with root canal filling materials. To date, numerous root canal filling materials have been proposed to reinforce teeth through root canal treatments using different fillings.[@b13-dent05_p0387],[@b27-dent05_p0387],[@b28-dent05_p0387] However, it is still controversial as to whether or not these fillings increase the strength of root dentin. For this reason, it appears necessary to develop new instruments, methodologies, and filling materials to minimize the fracture resistance of teeth in retreatment procedures.

CONCLUSIONS
===========

Under the conditions of this *in vitro* study, all rotary retreatment techniques produced similar root weakness.

###### 

Minimum, maximum and mean fracture resistance (N) and the standard deviation (SD) for each of the groups.

  **Groups**           **n**   **Mean (SD)**       **Minimum**   **Maximum**
  -------------------- ------- ------------------- ------------- -------------
  ProTaper Universal   12      111.70 (35.39)^a^   66.68         197.10
  R-Endo               12      133.25 (19.94)^a^   104.92        174.55
  Mtwo                 12      164.45 (46.59)^a^   100.02        233.38
  Control              12      334.18 (50.67)^b^   262.80        465.78

The same superscript letters indicate statistically no significant values (P \>.05).
